An effective passive cooling strategy is essential for reducing energy consumption in a residential building without ignoring thermal comfort. Therefore, a field measurement on the thermal performance of a corner terrace house in Kuala Lumpur was conducted to reveal the effectiveness of free running (FR) with four different approaches -no ventilation, full ventilation, day ventilation, and night ventilation. The measurement was done for all bedrooms and family area on the first floor. Also, mixed mode (MM) consisting of natural ventilation, mechanical ventilation with ceiling fan, and cooling with an air-conditioner that represents the actual condition of this house was also measured at living and dining area on the ground floor for comparison. The results reveal that FR from all approaches recorded a mean indoor air temperature of approximately 31 ∘ C.
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Introduction
In 2016, residential sector in Malaysia was the main consumer of electricity, and it contributed 21.6% of total electricity consumption, out of which 11% of the total electricity consumed in the residential sector are for space cooling purposes [1] . One of the reasons for high electricity consumption in the residential area is because of cooling demand due to high indoor air temperature. Research by Zaki et al. [2] found that indoor air temperatures in Malaysia dwellings are approximately 22 -31 ∘ C. The maximum temperature is much higher compared to the average comfort room temperature in Malaysia at 24 ∘ C to 26 ∘ C [3] . Due to the high air temperature in the house, occupants in Malaysia use 7.6 hours of air-conditioners per day to release excessive heat in the house to achieve the required thermal comfort level, especially during night time [4] .
Also, Zaki et al. [2] also reported that air-conditioner was used up to 7 to 9 hours for heavy users during night time. Therefore, it is an urgent task to improve the thermal environment in residential buildings to avoid excessive usage of electricity for space cooling purpose.
According to Kubota et al. [5] , most of the newly developed urban houses in this region are constructed using brick and concrete, which seem to be very different from the original nature of vernacular houses. In Malaysia, for example, brick houses account for approximately 91% of the total existing urban houses in which landed terraced houses are the most common housing type. Brick houses with a high thermal mass usually affect stabilizing the indoor thermal environment [5] , but it is still unknown whether high thermal mass buildings are suitable for the hot-humid climates in Southeast Asia.
With regards to the studies above, corner unit terrace house with different building parameters and more exposure to outdoor climate compared to standard units are limited in climatic research and required further study. Therefore, the objective of this research is to reveal the indoor thermal environment with different ventilation strategies of free running mode (FR) for corner unit terrace house in Malaysia. At the same time, the actual living environment of mixed mode (MM) was also recorded for comparison.
The results from FR and MM were compared with relevant international standards on predicting indoor comfort temperature based on the outdoor temperature. Table 1 shows the detail information on orientation, floor area, ratios of wall and window area over room volume and specification on materials of the investigated house. 
Methodology
Measurement setup
The indoor air temperature (T ), relative humidity (RH ), globe temperature (T ) and air velocity (V ) were measured in the master bedroom, bedroom 2, bedroom 3, and family The instruments used in this field measurements were listed in Table 3 . Figure 2 shows the locations of the setup of the devices and the climatic parameters measured.
All indoor and outdoor devices record at a minute interval, except for CO 2 concentration, which was at 15 seconds interval. All instruments were calibrated, and their consistency was verified before measurement. 
Results and Discussions
ISTEcS 2019 Further study was carried out in the family area to investigate the influence of roof attic and the external wall on the indoor thermal environment by measuring the surface temperature of roof tile, ceiling board, and brick wall. Figure 3a and 3b show the variation in temperature for this measurement across the four ventilation approaches applied in the family area. Roof tile surface with direct exposure to solar radiation recorded a mean Table 5 shows the regression analysis on the correlation between T and T across four ventilation approaches. All correlations were found to be statistically significant (p < 0.05) for all bedrooms. FuV and DaV recorded better correlation between T and T compared to NoV and NiV with a higher R 2 value. When comparing between bedrooms, T in bedroom 2 has a stronger relationship with T compared to bedroom 3 with the same floor area. ISTEcS 2019 Table 5 : Mean indoor climatic parameters for all areas across four ventilation approaches. Note T : indoor air temperature, T outdoor air temperature, R 2 : coefficient of determination, p: significance level of the regression coefficient. 
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Evaluation of indoor comfort temperature using adaptive comfort standards
The calculated operative temperature (T ) under each ventilation strategy can be compared with the predicted indoor comfort temperature using adaptive comfort standards [4] . According to various adaptive comfort standards, the pleasant indoor comfort temperature based on T for a natural ventilated space can be predicted using 
Further to that, Toe et al. [10] developed an adaptive thermal comfort equation for naturally ventilated buildings in hot-humid climates using ASHRAE RP-884 database.
The equation is:
Indoor T can be calculated based on measured data. Table 6 closer to the mark, were unable to meet the requirements of ASHRAE 55 and EN15251. 
Conclusions
The higher than EN15251 and 1.5 ∘ C higher than ACE hot-humid. At the ground floor, the calculated T was 30 ∘ C. FR ventilation cannot achieve the predicted indoor thermal comfort temperature under the ASHRAE 55, EN15251 and ACE hot-humid.
However, MM ventilation performed better with 1 ∘ C lower than FR.
In conclusion, FR ventilation is not suitable for a hot-humid climate such as Malaysia to achieve a comfortable indoor thermal environment without any assisted ventilation use in MM ventilation.
